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O S  OPIITHALMIC INSTRUMENTS. 

BY H. S. RYLAND. 
Abstract of ci LectiiTe delivered 1Ofh November ,  

1910. 

OPIITHALXOLOGICAL instruments may, in 
general, be divided into five sections, viz., those 
for measuring curvature, the refractive condi- 
tion, the musoular condition, tlie field of vision, 
and  for internal examination. 

Dealing with these in  order, we hare  first the 
ophthalmometer, for corneal measurements, and 
kindred instruments. I n  general principle, 
the ophthalmometer is dependent upon the rela- 
tion between magnification and radius. 

F r o .  1. 

111 ?fig. 1, i f  A 1x.s tlic scction c i f  i i  ~ : : i i r e s  
mirror,  0 an object a t  distance D ,  and  i the 
virtual image formed in  the mirror ,  the  niagni- 
ficntion and radius are  connected by the equa- 
tion l / m = l  -2D/r ,  which, if x e  n-rite O / i  f o r  
l / m  becomes T =  2Di / (0  -i). 

j-Slihere 0 is large compared with D ,  the dis- 
tai:ce D '  mTv.st 1)c t 7 . w - l .  
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I n  general ophthalmoinetric practice, how- 
ever, i is so small compared with 0 tha t  i t  may 
be neglected i n  the denominator, and the equa- 
tion becomes T =  2 D i / 0 .  

In order to be able to observe, and  conse- 
quently measure the size of, the image i, an  
objective L is so placed tha t  one of i ts  sym- 
metrical points coincides with i, a secondary 
image 1:l being formed a t  the other. Since i' is 
a real  image it may be received upon a screen 
or  observed by means of a n  eyepiece. Further ,  

FIQ. 2. 

being of the same size as i, a nieasureinent of 
il is equivalent t o  a measurement of i. The ex- 
periment demonstrated will show how simple 
this iiieasurement is with a n  inamin8te mirror,  
but  when the mirror is in  a state of constant 
movement i t  is a very different matter.  

Wi i le  a t  this stage, I should like to draw 
your attention to a simple means of measuring 
tlie radius uf a mirror wlien iuore accurate 
means are  not nvailnlde. 
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Let M., fig. 2, be a mirror, either convex or 
concave, and A a pencil or rod of known length. 
Then, i f  a rule or object of known length B, be 
supported by the finger on the top of B, the size 
of the image can be determined by marking its 
extremities as appearing in  the mirror by two 
ink spots X and XI. Then, in our equation 
A=D, A’=Dl, B=O, and X to X ’ = i .  

By this means, quite reasonably accurate re- 
sults may, with care, be obtained. 

To return to the ophthalmometer. In order to 
overcome the disturbing effect of the ocular 
movement, the optical dividers are  resorted to. 
This is a system of prisms or other means of 
dividing the beam from i, fig. 1, into two parts, 
and forming two images in  the same plane, but 
with a definite separation a t  the position i, fig. 
1. If the size of the image i is such that its 
two images separate a distance equal to its 
own length, the lower extremity of one will be 
in contact with the upper extremity of the other. 
In this oase the size of the image is the amount 
of separation produced by the doubling system. 

There are two possibilities for measuring 
images of varying size, one to vary the size of 
the object so that the size of the image fits the 
separation (this is the more general method); 
secondly, to vary the doubling t o  fit the image. 
This method is seldom adopted, as, in general, 
a small error in  setting means a large error 
in  final result. This difficulty of setting has 
been overcome by Mr. J. H. Sutcliffe, in his 
keratometer. I have only described here the 
general principles underlying ophthalmometers. 

I wish now to describe a principle due, I be- 
lieve, to Dr. Drysdale. This method consists of 
forming an  image upon the surface of the mirror 
by means of a convex lens. This light from this 
image, after returning through the lens, will 
form an image coinciding in position with the 
object, as i f  the mirror mere a plane surface. 

If now the mirror be moved towards the lens 
until the image formed by the lens coincides 
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with the centre of curvature, the image, after 
passing through the lens, will again coinoide 
wTth the object, since the light from the lens is 
meeting the mirror surface normally. 

An attempt has been made in  America to  
utilise this principle for corneal measurement 
by mounting a microscope with vertical illum- 
inator upon a slide, and racking in  towards the 
eye to  pick up the two images, the distance be- 
tween them, of course, being the radius. But  
through the subject refusing to remain steady, it 
is impossible to  make the measurements. 

After some experimenting, I have succeeded 
in overcoming this difficulty by using a lens of 
large diameter, A, fig. 3, and a second lens of 

FIG. 3. 

smaller diameter, B, mounted upon a plane 
parallel glass plate. The effect is that light 
passing through that  par t  of A not covered by 
B will focus a t  AI, while that passing through 
A and B will focus at  BI. When the images of 
these images coincide a t  E, the corneal radius is 
the distance from A/ to BI. By using an  illum- 
inated ring, 0, as object, and noting the differ- 
ence in the distance AI BI for coinoidence a t  dif- 
ferent parts of the ring, we may measure dif- 
ferences of corneal radii. 

I have applied for provisional protection 
covering this method, but i t  remains to be seen 
if i t  is of practioal value." 

To turn to section 2, we have optometer8 of 

*A finished model has since been made which 
appears to work well. 
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various types, and the retinoscope. The 
uphthalruoscope I will leave for  section 5.  

The general idea of the optometer is to 
measure an  artificial punctum remotum pro- 
duced by f~ convex lens. Various applications 
of this general idea have been made, one of the 
most important being the combination with the 
convex lens of a Sclieiner double pinhole o r  
slit, as in  the Thomas Young model. There is 
not time this evening to enter into the develop- 
ment of different types of optometer. I will, 
therefore, show tlie difficulties of optometric 
measurement. I n  the first place, i t  is very dif- 
ficult for an average person to say when an 
image is sharply defined, and, in the second, the 
fact that he knows that he is looking at a near 
object mill cause him t o  accommodate. 

I have made an  attempt to overcome this de- 
fect by using two convex lenses of the same focal 
length, adjustable for  separation, but normally 
in afocal adjustment. An emmetrope using the 
instrument in this position will see the image of 
a distant object, whose size is that of the object, 
but inverted. To prevent doubt as to defini- 
tion, a double slit is used in contact with the 
lens used as an  eyepiece. Hence, when the 
patient sees a distant object sharply defined and 
single, the position of the lenses will be a mea- 
sure of the refractive condition. 

By making the cap carrying the double slit 
rotable the refraction in different meridians may 
be estimated. 

I would like to suggest that you term the effec- 
tive accommodative power of the eye the range 
of accommodation, and the actual near point 
erpressed in diopters, amplitude. I think i t  
would fall in better with the natural meaning 
of the terms used, as well as simplifying the 
work. 

The prinoiple of the retinoscope is too well 
linown to need description here, but I should 
like to point out that one of the great pitfalls 
f o r  the beginner in retinoscopy is the spherical 
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aberration of the refracting system of the eye. 
The centre of the pupil will sometimes appear H, 
iyliile the periphery is M. This will present 
little or no difficulty if the central shadow only 
be taken. 

With regard to the ophthalmoscope, there is 
one thing I should like to call your attention to : 
the possibility of making it give you a larger 
illuminated field of view. I feel somewhat 
firmly convinced that before long we shall revert 
to the earlier form of ophthalmoscope, i n  which 
a n  unsilvered mirror  is used. 

Among other things, Mr. Rgland spoke of 
the possibility of using a Placid0 disc made of 
opal glass, divided into small squares instead 
of circles, and fitted with a corneal microscope 
for the determination of conical cornea. He 
also showed an  instrument he  had made for re- 
tinoscopy, consisting of a tube 1 meter long 
fitted a t  one end with a r i n g  of lenses, driven 
by a star-wheel, to pass a n  eye-piece. The 
patient looked into the eye-piece while the opera- 
tor a t  the other end mas able to watch his 
shadow, and,  by means of a milled head, br ing 
whatever lens was required in  front of the 
patient’s eye without putt ing his retinoscope 
down. 

The whole lecture mas fully illustrated by ex- 
periments and blackboard demonstrations. 

Discussion. 
MR. W. A. DIXEY said he had been very much 

interested in Mr .  Ryland’s paper, which he 
thought was most suggestive. His illustrations 
of methods of employing differ.ent instruments 
had been of very great use. Perhaps not the 
least interesting parts of the lecture were his 
bold suggestions for new types of instruments, 
in  regard to some of which one was inclined to 
feel quite hopeful as to their eventual develop- 
ment into something practical. Of course, when 
any new instrument was suggested, one always 
thought first of the objections to it. And i n  re- 
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spect of tile new model of optometer, he v a s  a 
little doubtful as to tlie practicability of the in- 
strument described by M r .  Ryland, as, in  esti- 
mating the refraction of an  eye, one had to deal 
with the resultant of ail the different curvatures 
in all the  different meridians of the effective 
part  of the eye. He mas particularly interested 
in the mechanical retinoscope. Oddly enough, a 
little t ime ago, the same device was suggested t o  
him, he being quite ignorant a t  the time that 
Mr.  Ryland had made anything of that  liind. 
The drawbacli in  the model of Mr.  Ryland, he 
thought, \\*as the size of the aperture-barely 
$in. I n  his (Mr. Dixey’s) model i t  was l i n . ,  and 
even that  was found too small in  practice. To 
return to the optometer, he was very much taken 
with the application of Scheiner’s double aper- 
tu re  to an optometer, and he should like to see 
i t  in  practice. I t  seemed to him that i t  ought to 
do very simply and very exactly all that  the 
optometer Fould do. Of course, Mr. Ryland 
w a s  conscious tha t  the optometer had its limita- 
tions. One of the points against i t  was tha t  i t  
confined the result to one zone of the pupil and 
the result was not the general effect of the whole 
of the lens, but just a measurement of the 
amount of refraction in  the one zone, and that 
zone a marginal one, as was necessary from a 
consideration of the effective quality of the in- 
strument 
THE PRESIDENT (Mr. S .  D. Chalmers, M . A . )  

thanlied Mr. Ryland for his paper, and 
said he would like to add one or two 
comments. The principle used in  the oph- 
thalmometer could lie applied with advantage 
to the measurement of curves of short 
radius, particularly for microscope lenses. 
It v-as preferable to use no doubling system but 
to place the lens on the stage of a microscope 
and then move either lens or microscope till the 
image of each end of the object in turn came on 
the cross wires; the relation between the object 
size and image size was then approximately the 
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same as that given by Mr.  Iiyland, and a more 
exact formula could be easily obtained. He 
(the President) had used the method to measure 
curves of as little as 4 mm. radius, and in  this 
case considered an accuracy of 1% was easily 
obtainable. 

MR. RYLAKD replied to the points raised by 
the speakers, and he was accorded a hearty vote 
of thanks. 


